Abstract-We compared the functioning of catfish electroreceptors in vivo and in vitro by recording the resting discharge and the sensitivity of organs before and immediately after skin patch excision. The in vitro preparation functions for several hours and can be used to assess synaptic functioning and other aspects of sensory transduction. However, both the sensitivity and the resting discharge rate are lower in vitro than in vivo. The sensitivity reduction can be caused by shunting of the stimulus current in the recording chamber, but the reduction of the spontaneous activity cannot. This is most likely due to hypoxia in the excised skin patch. In addition, interspike interval histograms showed mild anomalies in the firing pattern in vitro, as indicated by the parameters λ and r of fitted distributions. We conclude that (i) in vitro recording is best suited for neuropharmacological research, and (ii) in vivo recording is better suited for long-term studies and analyses of stochastical spike processes.
INTRODUCTION
Ampullary electroreceptors of the freshwater catfish, Ictalurus nebulosus LeS, are sensitive to electrical stimuli from the fishes' natural environment. An ampullary organ contains about 22 secondary receptor cells, each surrounded by supporting cells (Mullinger, 1964; Eigenhuis, 1989; Bretschneider et al., 1991) . The sensory cells make synaptic contacts with nerve terminals that are thought to be of the chemically mediating type (Roth, 1978; Teeter and Bennett, 1981) . The relatively high tonic activity (30 -80 sp /s) of these sense organs is modulated between zero and about 200 sp /s by weak ac electrical stimuli.
Electroreceptor activity has been measured in vivo and in vitro. The use of intact fish has a number of advantages. First, no surgical procedures are necessary. Secondly, an intact fish maintains the condition of the organ for an almost indefinite time, permitting recording for hours or even days in succession. The fish recover fast from * To whom correspondence should be addressed. the anesthesia and may be reused. This reuse permits tracking of slow processes such as degeneration of receptor organs after denervation (Peters et al., 1988b; Teunis et al., 1989 Teunis et al., , 1991a and the subsequent regeneration (Teunis et al., 1991c) . Placement of a rubber ring on the skin allows the topical application of most chemical substances without poisoning the whole fish, which makes this preparation very attractive for both neurophysiological and neurochemical investigations. In this way, the effects of different ion concentrations (Roth, 1971) , ion channel blockers (Peters et al., 1989) and even histological fixatives (Eigenhuis and Doncker, 1983) have been studied.
There is, however, one major drawback: the serosal (inner) medium cannot be influenced in a controlled way. Neuman et al. (1993) injected the antineoplastic drug vincristine subcutaneously, which had a marked but variable effect on electroreceptor functioning. To be able to control the serosal compartment, an in vitro recording method must be adopted, where the composition of the internal medium can be varied at will and drugs may be distributed in a controlled way.
Early attempts using skin patches were hampered by anomalous spontaneous firing patterns (R. C. Peters, unpublished). Since then, methods have been found in which the composition of the fluid on the basal side could be controlled and the effects of basally administered candidate neurotransmitters could be investigated. Teeter and Bennett (1981) tested candidate transmitter substances on excised anal fin preparations of Kryptopterus. Okano and Obara (1988) used isolated ampullae of the marine catfish Plotosus. Andrianov et al. (1992a Andrianov et al. ( , b, 1994 ) developed a chamber resembling the Ussing chamber (Ussing, 1949), suited for recording from a patch of catfish skin.
In all cases the reported properties of the investigated sense organs pertain to the in vitro situation only: no comparisons with the in vivo performance of the same receptors have been reported yet. To fill that gap, we describe in this paper two electrophysiological parameters, the spontaneous firing patterns of the electroreceptors of Ictalurus and their sensitivity to electrical stimuli (spike rate modulation), during in vivo and subsequent in vitro recording from the same organ. , were anaesthetized with an intramuscular injection of 24 mg /kg body weight Saffan (alfadolone / alfaxalone; Glaxovet, Harefield, UK). An anaesthetized fish was kept in place by two soft rubber clamps and received artificial respiration by tank water at a flow rate of about 100 ml /min.
METHODS

Catfish, Ictalurus nebulosus
A rubber ring was placed in a perspex holder clamped on the tray in which the fish was restrained and was pressed gently against the skin in the dorsal head region, thus isolating and partially insulating a skin area with a number of electroreceptor organs. The water in the compartment was changed continuously with a peristaltic pump.
Single-unit activity of one identified electroreceptor in the ring was recorded extracellularly with a tungsten microelectrode, positioned with the tip in the pore of the ampulla, taking care not to damage the receptor proper. The recorded spike trains were amplified, filtered and converted to digital pulses by a window discriminator.
